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ABSTRACT

Troo TETAM Model Veritication study is reported in three
volume« describing the validation of three high resolution
combat simulation models (DYNTACS, ITUA, and CARMONETTE) using
field data collected by US Army Combat Developments Experimenta-
tion (ommand during [xperiment 11.8. Volumes I and Il contain
do intervisibility study describing the abiltities of the DYNTACS,
IUA, and CARMONLTTE terrain processors to predict line-of-sight
occurrences between tanks and antitank missile positions.
Volume [II contains a validation study of the engagement processors
ot LVNTACS and TUA. The rosults from the simulation models in
terms of firings, engagements, and losses between tank and antitank
as coinpared with the field data collected during the free play
battices of Field Experiment 11.8 are found in Volume I1I.
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EXLCUTIVE SUMMARY

1. INTRODUCTION. The Tactical Effectiveness Testing of Antitank Missiles
(TETAM) progran, originated in December 1970 by Department of Defense
Proaram Budaet Decision 464, consists of three major elements: a field
experiment conducted by Combat Developments Experimentation Command in
1972-73, a detailed evaluation of the effectiveness of US antitank missile
weapons based primarily upon data collected during that field experiment,
and an evaluation of the predictive abilities cf three of the Army's high
resolution simulation models of tank-antitank warfare usina the results of
the field experiment as a baseline. Progress on this third major element of
the TETAM program, the Mode! Verification Study, is the subject of this

report.

2. PURPOSE:‘XThe purpose of the Model Verification Study is to determine
the ability of the DYNTACS, CARMONETTE, and Individual Unit Action (IUA)

high resolution combat simulations to:

~>(§) 2 Predict the outcomes of selected tank-antitank battles conducted
during the CDEC Experiment 11.8,

- Qh):lRepresent the major battlefield activities leading to these outcomes,

3. SEQUENTIAL STUDY. ' Each of the three models is designed to simulate
tank-antitank battles by playing the fundamental activities of partici-
pating personnel and weapon systems within the battlefield environment.
These fundamental activities include the search for, detection, recognition,
and identification of targets on the battlefield; the loadin3y, laying, and
firina of antitank weapons; and the process of quiding antitank missiles
onto their intended targets. lumes 1 and 11 of this study report the
early inconsistencies betwee el and field results found in the TETAM
effort and the steps taken in\DYNTACS and IUA to achieve a representation
of intervisibility between potential targets and firers sufficient to
support investioation of other model aspects.

4. OBJECTIVES. Specific objectives of the TETAM Model Verification Study
were:

a. Determine the ability of each model to portray the outcome of
Experiment 11.8 tank-antitank battles.

b. Determine the dearee of correlation bhetween Experiment 11.8 and
each model in portraying the following aspects of tank-antitank battles:

(1) Attacker-defender intervisibility.
(2) Movement of attackina forces.

(3) Target acquisition.

iX



(4) Target handoff.

(5) Target assignment,

(6) Target engagement/kill,
(7) Combat intelligence.
(8) Communications.

c. ldentify the major underlying assumptions relevant to tank-
antitank battles for each nodel, .

d. Identify and, where possible, prioritize needed modifications
and improvements for each model.

5. CONCEPT. A threefold approach to model verification was followed:

a. Detailed comparisons of model results and field experiment out-
comes were made for two trials of the field experiment. The original
concept for model verification was based on the assumption that several
field trials could be viewed as replications of the same battle. Review
of the experiment, however, failed to identify sets of trials that could
be considered replications,

b. A survey of the field trial results identified certain behavioral
or operational tendencies reproduced in most field trials. These tenden-
cies were compared to the basic model assumptions to shed further light
on model validity.

¢. Certain model aspects were known to the study team to be suspect.
These aspects were subjected to judgmental evaluation.

6. DETAILED MODEL COMPARISONS. Detailed model comparisons were carried
out for two of the Experiment 11.8 trials. The trials selected for com-
parison provided different situations but were typified by good maneuver
control of attacking elements.

a. Trial 34 was a rapid advance trial on a medium front in which the
attacking tanks stressed maintenance of movement and did not fire. Cover-
ing fire was provided by overwatching attacker ATGMs at a limited level.
This trial was close to being a one-sided battle, with attacking tanks
presenting a passive mobile target array.

b. Trial 96 was a fire and movement attack that was well executed by
the attacking weapons that did not become disoriented upon initial contact -
with defender fire. Attackers in this trial maintained a cohesive attack,
providing a good sample of a dynamic two-sided battle,

c. For each trial, the models were set up and run to reproduce the
movement patterns of the field trials. Movement for both models was con-
strained to the field patterns in a much more restrictive sense than would



be appropriate in typical model applications. Consequently, the ability
to compare model and field movements was intentionally sacrificed to ailow
a controlled comparison of the detect.on, intervisibility, and firing pro-
cesses. The model hit and kill routines were not tested in the compari-
son. The algorithms used in the field experiment to determine hits and
kills were also used in the models,

d. Comparisons of the nodel and field results were made for each
trial on two levels, First, the gross battle outcomes in termms of force
kills were compared; then, an extensive comparison of individual weapon
activity in terms of shots fired, engagements, and kills was also con-
ducted between field and model results. The comparisons were hased on
10 model replications,

e. In addition to the 10 base case replications, model excursion sets
were produced to investigate the impact of specific model or data changes
on cesults. Definition of the excursions was based on differences between
the base case runs and field results.

7. ADDITIONAL MODEL CONSIDERATIONS. In addition to the detailed compari-
sons, various model shortcomings are discussed in this report. Identifi-
cation of these shortcomings was based not only on CACDA analyst famili-
arity with the models and knowledge of general tendencies observed in the
field that were contradicted by the models but also on apparent model
inconsistencies.

8. FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS.

a. DYNTACS, The DYNTACS model produced a credible portrayal of the
Experiment 11.8 battles both in terms of overall battle outcome and in
the general progression of battles. Major weaknesses, however, were
detected in the intelligence module and in the event sequencing logic of
DYNTACS. Weaknesses of a secondary nature were noted in the movement and
fire control mocules. Improvements to overcome these weaknesses were
identified and prioritized.

b. IUA. The IUA model produced battle outcomes consistent with
Experiment 11.8 but depicted dynanic battle development different from
that seen in the field. It was concluded that IUA would be appropriate
for gross firepower comparisons but would be unsatisfactory for more
detailed investigations. primarily due to a sterile treatment of tactics
and numerous improper assumptions, most of which are unavoidable with the
current model structure. Additionally, numerous logical errors or short-
cuts were found throughout the model and particularly in the detection
module. It was determined that the most serious shortcomings of IUA
could only be overcome with total redesign. Certain modifications are
recommended, but these are of a limited nature and would not relieve the
lim;tation of IUA's applicability to that of a gross firepower comparison
tool,

X



CHAPTER 1
LWTRODUCT ION

1-1. BACKGROUND. The Tactical Effectiveness Testing of Antitank Missiles
(TETAM) program was originated in December 1970 by Department of Defense
Program Budget Decision 464. As originally defined, the program con-
tained two major elements. Field Experiment 11.8 was conducted by the
Combat Developments Experimentation Command (CDEC) in 1972-73 (reference
1). A detailed evaluation of the effectiveness of US antitank missile
weapons based primarily upon data collected during Experiment 11.8 was
conducted by the US Army Combined Arms Combat Developments Activity
(CACDA) in 1973-74 (reference 2). In 1972, Department of the Army added

a tnird major element to the TLTAM program, that of evaluating the pre-
dictive ability of three of the Army's frequently used high resolution
simulation models of tank-antitank warfare, using the results of Experi-
ment 11.8 as a basis for evaluation. The resulting Model Verification
Study was conducted by CACDA over the period October 1973 to October 1975.

1-2. OVERVIEW OF THE MODEL VERIFICATION STUDY.

a. Purpose and Objectives. The purpose of the Model Verification
Study is to determine the ability of the DYNTACS, CARMONETTE, and
Individual Unit Action (IUA) high resolution combat simulations to
portray the outcomes of selected tank-antitank battles as carried out
during CDEC Experiment 11.8 and to represent the major battlefield
activities and processes leading to these outcomes. The specific objec-

tives are:

(1) Determine the ability of each model to portray the outcome
of Experiment 11.8 tank-antitank battles.

(2) Determine the degree of correlation between Experiment 11.8
and each model in portraying the following aspects of tank-antitank
battles:

(a) Attacker-defender intervisibility.
(b) Movement of attacking forces.

(c) Target acquisition.

(d) Target handoff.

(e) Target assignment.

(f) Target engagement/kill.
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(g, Combat intelligence.

(h) Communications.

(i) Supporting fires.
NOTE: The list of battle aspects to be considered varied during the
course of the study. A1l items shown were identified as candidates

for comparisons at one time or another during the study.

(3) Identify the major underlying assumptions relevant to tank-
antitank battles for each model.

(4) Identify and, where possible, prioritize needed modifications
and improvements for each model.

b. Historical Narrative.

(1) Preliminary stages.

(a) Planning. Responsibility for accomplishing the Model
Verification Study was initially assigned to the Systems Analysis Group
(SAG) of the US Army Combat Developments Command. SAG had formulated a
general approach to the model verification work by March 1973. At that
time, as part of the 1973 reorganization of the US Army, responsibility
for the study was transferred to CACDA. CACDA expanded this general
approach into a specific concept for model verification, which was pre-
sented to the TETAM Senior Officer In-Process Review on 20 June 1973
(reference 3). This plan called for a sequential approach to model
verification to begin with verification of each model's representation of
intervisibility, fcllowed by analysis of each model's play of detection
and, finally, by an investigation of the weapon interactions in dynamic,
force-cn-force engagements. This approach followed the same general
sequence established within the three major phases of CDEC Experiment
11.8. As illustrated in figure 1-1, each step was to involve a comparison
of model and field results, determination of sources of observed differ-
ences, and corrective actions necessary to continue the process.

(b) Preparation. Of the three models to be evaluated, one
(IUA) was the responsibility of CACDA from the outset of the study.
Responsibility for a second model (DYNTACS) was transferred from SAG to
CACDA in July 1973. This transfer did not include the transfer of
personnel familiar with the model, and a program of formal training on
the setup and operation of DYNTACS was conducted for CACDA programers
and analysts in November and December 1973 (reference 4). US Army Con-
cepts Analysis Agency (CAA) agreed to operate the third model (CARMONETTE)

1-2
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in support of the model verification work. By mid-danuary 1974, all

threc models were being operated in support of the model verification
objectives. Detailed intervisibility data collected in the execution
of Lxperiment 11.8 were obtained from CDEC during the last quarter of
1973 and were in a form suitable for the comparisons in January 1974,

(2) Original intervisibility comparisons. The original compari-
sons of intervisil.ility data produced by the three models with the Ex-
perinent 11.8 intervisibility data were conducted during the period
January through May 1974, with an interim report being published in June
13974. The original comparisons were conducted to determine whether the
models portrayed intervisibility levels and patterns consistent with
those observed in Experiment 11.8. It was anticipated that the level of
disagreement between model and field results would be relatively minor
and that work could progress into investigations of model representation
cof detection and battle free play with minimal model adjustments. Con-
trary to expectations, model results were found to be in serious disagree-
ment with the intervisibility data collected during Experiment 11.8. The
original comparisons are contained in volume I of this study report
(reference 5).

(3) Approach revision. The extreme disagreement between nodel
and Experiment 11.8 realizations of intervisibility dictated that further
project resources be expended to clarify the causes of this disagreement
and to attempt to improve model representation of intervisibility. The
study approach was revised to permit continued intervisibility work and,
concurrently, to begin the necessary model preparation and field experi-
ment review for the free play comparisons. The study phase dealing with
detection as an isolated process was estimated to require a resource
increment approximately equal to that already expended on the intervisi-
bility comparisons and was not amenable to initiation until the inter-
visibility situation had been resolved. Lacking such resources, the
detection study phase was dropped from the approach. The revised approach
was ipproved by the Model Verification Study Project Review Board on 15
October 13974. In the interim, the CAA commitment to operate CARMONETTE
in support of the study had expired, and the follow-on work was limited
to tne DYITACS and IUA models.

(4) Follow-on intervisibility comparisons. The second series of
intervisibility comparisons was conducted over the period October 1974 to
July 1975, with some preliminary excursions being attempted in August and
Septenber 1974. This effort included a critical review of the field
experinent as well as significant revisions to the DYNTACS and IUA repre-
sentations of intervisibility. Additionally, a terrain representation
model, which involved a significantly higher level of resolution than
that found in the combat simulations, was investigated. This fourth model
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is a product of the Corps of Engineers Waterways Experiment Station (WES)
and was operated by WLS in support of the study. The follow-on inter-
visibility work resulted in representations of intervisibility within
DYNTACS and IUA that were in sufficient agreement with the Experiment
11.8 data to allow the study to progress into the dynamic battle com-
parisons. This work is reported in volume Il of this study report (ref-
erence 6).

(5) Dynamic battle crmparisons. The comparisons of dynamic
force-on-force battles as re,resented in IUA and DYNTACS and as carried
out in Experiment 11.8 were conducted during the period November 1974
to September 1975. A significant portion ¢of this effort involved an
extensive review of the experimental procedures and data. This review
was required to develop a detailed appreciation of what took place in the
free play trials of Experiment 11.8. This review and a comparison of
model and field results for selected battles, as well as a critical
review of model aspects for which no comparison data from Cxperiment 11.8
were available, constitute the dynamic battle, or free play, portion of
the Model Verification Study and are reported in this volume of the study
report.

1-3. PURPOSE AND SCOPE OF RLEPORT. In this volume, comparisons are made
between the results attained with DYITACS and IUA and the results of
selected trials of CDEC Experiment 11.8, Phase III. Additionally, a brief
critical review of selected model aspects is presented, and needed model
improvements are identified. This investigation of model performance

was limited to interactions between opposing tanks and ground antitank
weapons used in Experiment 11.8; model representation of other systems,
such as indirect fire wecapons or aerial platforms, was not considered.

1-4. OVERVIEW AND REPCRT ORGANIZATION.

a. Requirement. Detailed combat simulations, such as DYNTACS and IUA,
became possible with the introduction of modern electronic computers;

and the first operational models of this type appeared in the late 1950s.
Although the Army has used niodels of this type since their inception,
primarily in a weapons system evaluation context, the credibility and
validity of such models has remained an open issue. Attempts at model
validation have been limited to comparisons among models, primarily

because a combat experience basis of comparison, with sufficient detailed
information to insure that the models portray the actual conditions, has

not been available. CDEC Experiment 11.8 provided a potential for im-
proving that situation, a large amount of detailed information was collected
under conditions having an aura of dynamic combat made possible by the
assessnent of losses in near real time. Thus, the TETAM Model Verification
Study addresses the long-standing issue of model validity using a basis of
comparison that is potentially more useful than those previously available.
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L. Approach. The approach taken to model verification followed three
lines of inquiry: detailed comparison of model and experimental results
for selected field experiment trials, review of model performance in
light of certain operational tendencies generally observed in the field
experiment, and a critical review of selected model features for which
no comparison with field results was practical. These approaches are
presented in chapter 2. Most of the study effort was expended in the
first approach, detailed comparisons of selected trials, and this work
required a detailed review of the individual field experinent trials,
which is contained in appendix D.

c. Detailed Trial Comparisons. Detailed comparisons of model and
field results are contained in chapter 3 for the DYNTACS model and in
chapter 5 for IUA. These comparisons center on the overall trial outcomes
and on the patterns of individual weapons firings and engagements as
recorded in the field and extracted from model runs. The elementary
supporting data, a time-phased record of each firing and its result from
the field and from each model replication, are contained in appendix E.
Detailed comparisons are limited to two trials, and their major restric-
tion is a lack of replication from the field trial and the resultant
inability to qauge the variability of observed results.

d. Additional Model Considerations. The reviews of model operation
in light of general field tendencies and the critical model reviews are
contained in chapter 4 for the DYWTACS model and chapter 6 for IUA.

e. Findings, Conclusions, and Recommendations. Findings, -onclusions,
and recommendations are contained in chapter 7.
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CHAPTER 2
APPROACH TO MODEL VERIFICATION

2-1. GENERAL. The TETAM field experiment provided more detailed data
on weapon interactions in dynamic situations with a greater aura of
realism than had been available previously for model validation. The
availability of this unique data base called for development of a model
verification approach that took full advantage of the data.

2-2. TETAM VALIDATION APPROACH.

a. Nature of the Experiment. Experiment 11.8 represents a middle
ground between computer simulations and real world battles. Since the
experiment involved real soldiers operating real hardware, it had an
aura of realism that could not be attained within a computer. Obviously,
many artificialities had to be introduced into the field equipment to
refresent casualties and destruction of equipment. Thus, the field
experiment was actually another representation or simulation of real
combat; and the assumption is made that by virtue of its use of real
people and hardware, it is closer to the real world than a computer
model that does not use real people or hardware. When the Field Experi-
ment 11.8 data were viewed in this light, it was apparent that the TETAM
verification effort should take the form of a model comparison study,
with the field experiment being used as the basis of comparison, that

is, as the model assumed to be more nearly valid.

b. Restrictions to the Approach. Two major restrictions were
encountered in attempting to conduct the model verification as a model
comparison study, using the field experiment as a basis of comparison.

(1) First, the various field experiment trials did not provide
a well-defined set of parametric variations necessary to sensitivity
testing in a model comparison.

(2) The second major restriction was a lack of replication in
the field experiment.

(a) Over 30 field battles were conducted using various
defensive and threat tactics during Phase III of the field experiment.
An analysis was performed to determine which trials were replications
of a particular battle situation. It was believed that after a repli-
cation set had been identified, the variability of the field results
could be estimated for comparison with the variability of model results.
The following criteria were used to classify two or more trials as
replications of the same battle:

1. Defender positions in replicated trials should be
the same, or they should at least have the same general characteristics,
such as elevation and fields of view.
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2. Attackers in replicated trials should perform the
saie tactic (i.e., either fire and move or rapid approach), use the same
approach routes, and be organized in generally the same nmanner, parti-
cularly for ATGM einployment.

(b) An extensive analysis of the defensive positions using
naps and aerial photographs showed that none of the trials for which
usabie data existed were replications of the same battle situation. .

(c) Another analysis was conducted on threat tactics by
plotting the movement of each aitacker vehicle. The plots indicated
that for most of the trials the attacker tactics were abandoned. Comnments .
made by participants in the trials indicated that the tactics were
abandoned because the attackers became disoriented when taken under
effective ATM fire.

(d) Consequently, it was impossible to identify trials that
were replications of the same battle situation; and the inherent
variability of the field results could not be established. This finding
led to a view of the experimental data as being composed of many unique
observations (trials) from a relatively large numoer of different situa-
tions rather than several observations from a relatively small set of
well-defined situations, as had originally been expected. As a result
it was necessary to select field trials that appeared most useful in terms
of model verification and to restrict the use of statistical techniques
in the comparison.

c. Diversification of Approach. A three-part approach to model
verification was followed. First, detailed comparisons of model results
and field experiment outcomes were made for selected trials of the field
experiment. Second, general tendencies of the field experiment were
noted, and model assumptions and treatment of combat processes were re-
viewed in light of these tendencies. Third, the models were subjected
to critical review, which resulted in identification of model design
aspects that lead to intuitively unacceptable or unrealistic treatments
of combat.

(1) Comparisons with individual field trials. Of the three
general methods selected for model evaluation, the most promising was
direct comparison between model and field trial results generated from
the same scenario. This procedure would provide detailed, quantitative .
comparisons between model and field response data. In appiication this
procedure proved to be weak, primarily because of the lack of replica-
tion among the various field trials. As discussed in paragraph 2-2b
above, an in-depth examination of the sets of field trials that CDEC
referred to as treatment combinations revealed major differences between
the trials within a given set; that is, no two trials within any given
set were similar in all important respects. Major differences were
observed from trial to trial in the defensive coverage obtained by anti-
tank weapons, in the attackers' use of terrain, in the initial force
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sizes and mixes, in the degree of control over tactical execution, and

in terms of the actual movement or firing tactics implemented. it was
concluded that replication did not exist in the field trials in any
meaningful sense. Thus, the direct and detailed comparisons originally
envisioned came to involve comparing one field trial realization to a

set of model replications of the same scenario. Without replication of
the field trials this analysis provided only gross indications of whether
model and field results could be considered similar.

(2) Analysis of general tendencies. The second procedure used
in model evaluation was straightforward. It involved identification of
the principal tendencies of the TETAM field trials of value in nodel
evaluation. These tendencies were studied in light of nodel assumptions
and how the models behaved under certain circumstances. These compari-
sors identified a number of questicnable areas within each model.

(3) Identification of model areas of concern. The final pro-
cedure used in model evaluation was also straightforward. It involved
being alert for suspicious areas encountered with wodel logic or modeling
procedures. As these areas were identified, they were recorded and
subsequently evaluated judgmentally.

2-3. INTRODUCTION TO DETAILED COMPARISONS.

a. Scenarios for Model Input.

(1) Two trials, 34 and 96, were selected for modeling.

(a) Trial 34. Trial 34 was a well execvced rapid approach
tactic across a medium front against a deliberate defense. The control
of the maneuver of the various elements of the attacking force was good
enough to warrant the selection of this trial as a "shakedown" of the
model setup procedures.

(b) Trial 96. Trial 96 was a fire and movement tactic on
Site A conducted against a deliberate defense. The attack was well
executed and was relatively rapid across areas where the attackers were
often killed in other trials. As a result, the attack did not degener-
ate into individual unit actions as occurred in most other trials.

(2) Because of the large input requirements of the models,
several different means were used for describing the scenarios of the
trials. An analysis of the area of operations was developed to describe
both the terrain and the possible courses of action used to conduct the
attacks. An analysis of defensive positions was developed to describe
each of the positions used during subphases 11IB and IIIE and to provide
some indication of defender capabilities and vulnerabilities from each
position. Neither of these documents describes the exact setup for any
particular experiment. These specifications generally were developed
from the recollections of two Army officers who were data controllers at
CDEC at the time, and they provide a general overall estimate of the
situation.
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The detailed description of the trials was provided in operations

orders, wherein the organization of the «ttackers and defenders including
platoon and company organizations, axes of advance, and so on were docu-
nented. One operations order was developed ta describe the actions of
each force for each trial. In addition to these operations orders,
general comments recorded by the controllers who observed the trials as
they were executed were included. An overall description of the trial
from start to finish on a minute-by-minute bLasis was also given. Finally,
both tiie attacker routes and the attacker and defender firings were
plotted on 1:25,000 map sheet, included with the operations orders.

These trial description data are contained in appendix [.

¢c. Model Preparation for Detailed Cowparisuns. Three general areas
were involved in preparing for detailed comparisons: identification of
no-test areas for which meaningful comparison would be impossible, model
logic modifications, and development of detailed odel input data.

(1) Test areas. As preparations for the detailed comparisons
progressed, it becane obvious that the number of aspects of tank-
antitank battles for which meaningful comparisons could be made was
severely limited. The aspects identified as desirable for comparison
are discussed below in terms of whether they could be developed as test
areas for consideration in detailed comparisons, partial test areas,
or no-test areas. This cateyorization refers only to the detailed
comparisons. Inability to make a detailed comparison does not imply
that it was impossible to reach a conclusion on a given aspect in terms
of general field trial indications or a critical model review.

(a) General outcome. The general outcomes of field trials
were considered amenable to comparison with nodel results in terms of
overall battle losses.

(b) Attacker-defender intervisibility. Intervisibility
was a partial test area to the extent that engagenents in the field
inplied the existence of intervisibility. Since intervisibility was
the subject of earlier stages of the TETAM Model Verification Study, the
free play stage allowed a check on th2 apprupriateness of model changes
that were indicated in the earlier study phases.

(c) Movement of attackiny forces. Attacker movement was
considered a no-test area for the detailed comparisons. The potential
items for comparison would have been general 'outes ard movement rates
of units, specific routes and rates of individual veh cles, and, by
implication, tactical formations naintained by units.

1. For the iUA model, unit routes are input, and indi-
vidual vehicle speed is limited by vehicle and terrain characteristics.
There is no meaningful unit formation concept within the model, with
unit speed being the same as individual vehicle speeds and individual
routes not being meaningfully discriminated from the input unit routes.
Thus, there is little of substance in IUA upon which comparisons of
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attacker movement could be based. Since i1t was obvious on review of Lhe
field experiment that movement rates in the field were not expiained by
vehicle and terrain limitations, IUA was forced to move its units at the
saie average speed observed in the field by adjusting terrain and vehicle
capability data along the movement paths. Thus, the comparison of move-
ment rates was intentionally sacrificed. Giving up this comparison
allowed the study team to force [UA to track the field in its time and
space relation, thus facilitating comparisons of the engagement process.

2. In the DYNTACS model, unit movement routes, unit
speed, and formations are required input data; and individual routes
and speeds derive through an assumption of strict adherence to the
geometric patterns of input formations. Thus, to attain a comparable
time and space relation and facilitate comparisons of the engayement
process, direct movement comparisons were not attempted. Rather, data
were developed based on review of detailed field results to force model
elements to move generally as movement had taken place in the field.

(d) Target acquisition. Target acquisition was an area for
comparison, with the constraint that detections in the field had been
recorded only when they led to target engagement. Thus, the direct
comparisons could only deal with acquisition in the sense that acquisi-
tion is implicit in engagement.

(e) Target handoff. The models do not treat target handoff
explicitly, nor did handoffs appear to be effective in the field. There-
fore, target handoff was considered a no-test area.

(f) Tamget assignuent. The models deal with target
selection by an individual weapon on the basis of input rules. Review
of the field experiment indicated a lack of specific engagement rules
provided to the participants, leading to the conclusion that the indi-
viduals selected targets based on individual (but never expiicitly
defined) rules. In both the model and the experiment, therefore, indi-
vidual target selection occurred with little apparent coordination,
rather than actual target assignment. A reasonable comparison thus was
considered possible.

(g) Target engayement/kill. Given target selection,
comparisons of target engagement in terms of times were considuered
practical. Target kills, however, were an experinental artificiality,
and this was deemed a no-test area. The saime algorithm and input data
used in the field to determine target kills given a shot were incor-
porated into the models in an attempt to avoid spurious differences.

(h) Combat intelligence. No meaningful compariczis of
combat intelligence, apart from the acquisition aspect, could be devised,
and this was considered a no-test area.

(i) Communicetions. MNo meaningful data to support detaiied
comparisons were available from the field.
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(3) Supporting fires. o meaningful data were availabie
from the field.

(2) Model nmodifications. Model logyic changes were made to
facilitate the detailed comparisons. Changes were made either as
corrections to the model logic intended to be permanent changes or as
temporary changes to avoid spurious differences between model and field
results.

(a) DYNTACS changes.

1. The DYNTACS intervisibility algorithm was changed.
The intervisibility portion of the TLTAM Model Verification Study indi-
cated that portrayal of intervisibility, at least for the HLMR sites,
was improved with a stochastic treatment of vegetation, and this change
was incorporated into the DYNTACS model for free play comparisons. Such
modification should be maintained for future DYNTACS applications.

2. The same algorithm used in the field experiment to
determine the results of a firing was incorporated into the DYNTACS
model for the free play comparisons. Since this area was treated
| artificially in the field experiment, the experiment offers no information
to compare with results of the original DYNTACS algorithm in any meaning-
ful sense. Thus, the modification is tenporary and was made in an
attempt to avoid spurious differences.

3. The movement logic in DYNTACS was revised to permit
a more continuous representation of the motion of maneuver unit leaders.
The original logic forced these elements to remain motionless for
unpredictable amounts of time along their movement trace due to the
model's event sequencing logic, which used an arbitrary time for the
length of movement events. (The time is an input value, which typically
has been set to 30 seconds for DYNTACS applications.) When maneuver unit
f lead elements reached certain points along the routes, selected within
: the model logic, the element hesitated at those points for the remaining
duration of a movement event. Since these points have no clear tactical
significance, the halts in movement were not meaningful. Logic was changed
to aliow a movement event to end when the element reached such a point,
making motion more continuous.

4. A minor coding correction was made in the movement
controller to make treatment of phase lines consistent with model
; documentation.

(b) Changes to IUA.
1. The line-of-sight processor was changed to process
an expanded terrain data base. The original version of IUA allowed a

maximum of 1,000 triangles to be used in describing the terrain. This
maximuin was increased to 2,500 triangles.

2-6

ML . . et et e 8 s 8 4



¢. The origingl ILA nwdel calculated line of sight between
points on an attachker route and the route objective point. The calcuiated
line-of-sight condition was dssumed to exist between alil attackers at tne
route point and all defenders located at the route objective point. During
the intervisibility phase of the model validation effort, it was found
that this approximation was not of sufficient resolution to produce line-
of-sight conditions existing at each of the defender lucations. C(onse-
quently, model logic was changed to calculate line-of-sight Letween
individual defender positions and the attacker route points. This chanye
should be maintained in future model applications.

3. The IUA damage assesswent routine not used during
the wodel validation runs. It was tewporarily replaced with code
representing the same wethods of damage assessment used by the CDEC com-
puter during the field trial.

(3) ULata preparation. The primary consideration was to
describe conditions within the model tu reflect as closely as possible
the conditions that existed in the field. Tlor example, data were
developed to force the wovements of individuai weapons in the wodels to
reflect the routes and speeds actually followed in the field, to the
extent that such information regarding the field trials was available
and control of wodel novement was possible. The information available
from the field is discussed in appendix U, and development of nodel
input data is reviewed in appendix A.

¢-4. SUMMARY. The TLTAM field experinent provided a body of empirical
inforation with an aura of realism and in a detail generally not
available for model validation efforts. The approach to model verifi-
cation using this unique basis of comparison developed along three
Tines. First, detailed comparisons of model results and the outcomes
of selected field trials were completed. As detailed review of the
field experiment progressed, a lack of replication became apparent and
it became necessary to restrict the extent of detailed comparisons in
light of this characteristic of the basis of comparison. As a result,
detailed comparisons were linitea to two field trials, and these con-
parisons were limited to review of the target engagenen. process and
overall outcomes. Major aspects of the acticn, such as attacker move-
nent, were identified as no-test areas for the detailed comparisons.
The second line of investigation involved the identification of certain
apparent tendencies within the field trials and a discussion of model
capabilities in view of these apparent tendencies. Finally, the models
were subjected to critical review to identify weak areas nct necessarily
relatable to the field experiment.
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CHAPTER 3
DETAILED DYNTACS COMPARISONS
3-1.  INTROCLCTION.

a. This chapter contains the detailed comparisons of DYNTACS and
field experiment results for the situations established ir COEC Experiment
11.8 Trials 34 and 96. These trials are two of the better-controlled
experiments for which data are available, and thry represent the two
modes of attacker tactics used in Experiment 1l... During Trial 34
attackers executed a rapid approach tactic, and in Trial 96 they used a
fire and movement tactic.

b. Model runs were made under the constrained conditions discussed
in chapter 2. Biefly, these constraints involved development of the
model input data to cause attacking elements in the model to follow move-
ment traces observed in (or projected from) the field experiment data, to
cause attacking elements to move on these traces at rates observed in the
field, and, insofar as possihle, to apply the same fire controi policies
apparently in effect in the field. Additionally, the casualty assessment
algorithms and data used in the field execution of Experiment 11.8 were
used, replacing the assessment logic normally found in the model. Under
these constraints, model representations available for meaningful scrutiny
were limited to those involved in the target detection/acquisition/engage-
ment sequence.

c. The approach taken to these comparisons derives from an inability
to identify sets of field experiment trials that were replications of the
same basic situation. Each field trial is viewed as one potential out-
come of the unique situation established in that trial, and this outcome
is compared to a set of 10 model replications produced by establishing
the came situation within the model. The comparisons are oriented to
exploring the following questions:

(1) Can the field outcome be viewed as a sample from the popula-
tion represented by the set of model replications?

(2) Where differences between model and field results are noted,
is there a logical explanation for the difference that leads to acceptance
of the model outcome?

(3) Where differences between model and field results are noted,
is there a logical expianation for the difference that points to 'a poten-
tial problem area in the model?

3-2 TRIAL 34 COMPARISONS.

a. Base Case. In th: following discussions, the initial comparisons
between model and field results are referred to as the base case. Com-
parisons made subsequent to model or input modifications are referred to
as mcdified cases.
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(1) Situation portrayed. Model input data were developed to
portray the general situation observed in the field experiment. The
attacking force of seven tanks, two ATGM, and two ICV advanced on a
single axis with the ICVs on the attacker's left, tanks spread across the
axis, and ATGMs taking up an overwatch position on the right. The
defending force was composed of two TOWs, one Shillelagh, and one DRAGON.
The players' interpretations of the rapid advance tactic, for this trial,
caused the tank crews to concentrate solely on rapid movement toward
the defensive area, resulting in only two tank gun firings throughout the
trial. Thus, the tanks and unarmed ICVs presented an essentially passive
target array in the field. To portray this condition, model input data
were used that prevented the tanks from firing until they were within a
few hundred meters of the defender positions. The attacking force task
organization, routes of advance, and formations were developed by review
of the field trial data (see appendix D). These same organizations,
routes, and formations were used in the model runs. Additionally, advance
rates used in the model were derived from the field data, causing the
model attack vehicles to move across the field and reach critical points,
particularly the ATGM overwatch position, with a phasing similar to that
noted in the field trial. Battles were stopped in the model when any
element of the attacking force reached the area of the trial termination
line used in the field.

(2) Battle outcomes. Table 3-1 contains the gross outcome of
each of 10 DYNTACS replications and the field trial in terms of surviving
force strengths. The Blue (defender) force in the field lost only the
Shillelagh. This result is well represented in the set of model outcomes.
In terms of residual Red (attacker) strength, the field results could be
viewed as a sample of the model outcomes with the exception of surviving
ICVs. Both ICVs generally were lost in the model, while both ICVs sur-
vived in the field trial. Although model and field results are not in
strong disagreement, the field outcome would be a relatively rare model
outcome, with the attacking force generally doing better in the field.

(3) Weapon activity. The basic firing data for all model runs
and for the Experiment 11.8 trial are contained in appendix E. A summary
of rounds fired, targets engaged, and kills by each defender weapon is
shown in table 3-2; and a summary of attack weapon activity is in table
3-3. Field experiment data include "unpaired" firings; that is, firings
that occurred in the field but for which the target was not known. Com-
parability of field and model results for each defender weapon and attacker
weapon type is discussed below.

(a) TOW 18. A comparison of firing patterns for field TOW
18 and the model is shown in figure 3-1. Impact points for rounds fired
by TOW 18 are shown for all 10 model replications (designated by +) and
for the four paired field firings (designated by o). Attacker advance
routes and weapons assigned to these routes are &1so shown in this figure.
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In the field, TOW 18 engaged one tank, scoring a kill with three rounds,
and fired one round at an ICV. One unpaired firing was also recorded
for TOW 18. The tank engaged by TOW 18 and all ICVs were on the extreme
left of the attacker formation, suggesting either limited intervisibility
from the TOW 18 position or fire control restrictions. In the model,
TOW 18 engaged and killed the leftmost attacker tank with one or two
rounds in 4 of the 10 replications. TOW 18 also engaged one or both of
the ICVs in 8 of the 10 replications, firing one or two rounds per ICV
engagement and scoring a kill on two-thirds of the engagements. In the
model, TOW 18 was clearly restricted to the extreme left of the attacker
formation by intervisibility. Assuming that the weapon was in fact con-
strained by intervisibility in the field, the model and field results
are consistent except for the apparent reluctance to continue firing at
the ICVs in the field.

(b) TOW 19. TOW 19 was the most active weapon in the field,
engaging five attacker tanks and scoring a first or second round kill on
four tanks. This weapon fired eight rounds, of which one was unpaired,
and is believed to have fired exclusively at tanks although the target of
the unpaired firing is unknown. Two of the attacking tanks killed by TOW
19 had been fired at by another defender weapon prior to the kill by TOW
19. In the model runs, TOW 19 typically engaged two or three attacking
tanks and one of the threat ICVs. This result was sufficient to make TOW
19 the most active weapon in the model runs but still left the weapon less
active in the model than in the field. The primary engagement areas for
the field TOW and model TOW 19 are shown in figure 3-2. The failure of
other weapons in the field to kill the targets is a partial explanation
of this difference. It is also possible that in engaging the ICVs that
were ignored in the field, the model TOW 19 may have missed opportunities
for tank detection and engagement.

(c) Shillelagh 20. The Shillelagh in the field had good
coverage of the avenue of approach used by the attackina force but was
relatively inactive. It fired two rounds at each of two tanks and scored
no kills. These four firings covered a time span of slightly over 6
minutes, after which the Shillelagh sustained a kill by one of the threat
ATGMs at about 12.5 minutes into the trial. The Shillelagh in the model
fired an average of 3.7 rounds, engaging an average of 2 targets and
scoring an average of 1.5 kills. The Shillelagh concentrated on tanks
in the model runs but also engaged an ICV or ATGM in 5 of the 10 replica-
tions. The model Shillelagh was killed by a threat ATGM 8 or 9 minutes
into the battle and was only active (period from first round fired by
Shillelagh to ki1l by ATGM) for 1 to 3 minutes. The early kill of the
model Shillelagh is reflected by its firing patterns in figure 3-3. The
model Shillelagh was killed after engaging tanks and ATGMs at a range of
2,200 to 2,900 meters while the field Shillelagh survived to engage a T62
at 1,400 and 800 meters.

3-7
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(d) DRAGON 24. In ihe field, DRAGON 24 fired a total of
four rounds at two tanks and scored no kills. The DRAGON was only active
for a period of 3 minutes. An interesting parallel is found in the model.
The DRAGON in the field fired its opening round at threat tank 9, 9
minutes into the trial, but lost acquisition during missile flight. In
the model, the DRAGON typically fired its opening round at the same
target 9.5 minutes into the trial and did not lose acquisition. 1In the
onc model replication where the DRAGON engaged tank 9 earlier, intervisi-
bility was lost during missile flight. The nodel DRAGON inevitably fired
its initial round at tank 9 if tank 9 survived long enough to reach the
DRAGON firing zone. In the field, tank 9 was killed by a different weapon
(TOW 19) shortly after the DRAGON's abortive opening round, and the DRAGON
shifted its attention (three shots) to a second tank. In the model, the
DRAGON tended to remain on tank 9, shifting to a second tank on only two
of the eight replications in which it initially engaged tank 9. The
initial and subsequent model firings against tank 9 may be noted in the
field/model shot patterns in fiqure 3-4. When the DRAGON did not engage
tank 9 (two replications) it did engage one other tank.

(e) ATGM. In the field, the threat ATGMs reached the area
of their overwatch position 8 to 9 wminutes into the trial but had some
problem finding satisfactory firing positions (three of the first four
ATGM rounds fired from this area were unpaired). After about 4 minutes
of what appears to be ineffective "shuffling" in the overwatch area, the
ATGMs engaged and killed the Shillelagh. In the nodel, the threat. ATGMs

reached the position at about the same time, promptly engaged the Shillelagh,

and inevitably scored a first or second round kill. Having disposed of
the Shillelagh, the ATGMs generally started off the overwatch position

and engaged the DRAGON at ranges of 1,200 to 1,500 meters. The firings

at the DRAGON generally were ineffective, with the number of rounds fired
depending on trial duration. On two replications, TOW 19 was also engaged
(at 1,000 meters).

(f) Tanks. In the field, tanks 8 and 10 each fired one
unpaired round. In the model, tank 8 killed TOW 1Y with one close-in
shiot (under 300 meters) in three replications. In the remaining replica-
tions, TOW 19 generally killed tank 8 with a close-in shot (under 500
meters). The interaction between these weapons corresponds in time and
position to the unpaired firing by tank 8 notea in the field and a single
round fired by TOW 19 with acquisition lost in missile flight.

(4) Discussion. The base case model and field results for Trial
34 are, on the whole, consistent. The following exceptions are note-
worthy.

(a) The unarmed ICVs were consistently engaged and killed in
the model, while they appear to have been ignored in the field. The field
players may have passed up shots at the ICVs in anticipation of more

3-10

o ——



|
i

da i TN s S

Spunoy ¢ NQ9VYQ 40 siuiod adedur -

ase) ase@ pE LeL4L SIVINAQ

2 uobeuq
X
SILLOU 20BCuL o
v< thouvdC J300 = o
SILLOC 2Pdut . -
v¢ wUUVal SOvLiLAd = 4+ .
WO0S ..,
N
E1 ‘ST - ADI 9
1T ‘CT1 - WOlv S
9 - ¢91 1
b ‘S - 291 £
2 ‘6 - 291 2
8 ‘T - 291 1
NOdv3M C3NDISSY 1Ivdl
d3IAITLLY
SOVINAQ

“p-¢ aunbig

_ 37v3S

|

3-11



. B - -« - —

lucrative targets. This way be a4 souid target selection technique, but

its wisdom is questioned wher. the ICVu, winich would be carrying intantry
in the real world, are allowed Lo arrive unscathed within a few hundred

meters of the defender positions, as occurred in the field trial.

(b) TOW 19 was less active in the model than in the field.
This result is partially explained by the fact that the other weapons,
particularly the Shillelagh, were ineffective in the tield, thus leaving
more slack for TOW 19 to pick up than was apparent in the model. It is
also possible that by engaging the [CVs the model TOW 1Y missed some
opportunities to detect and engaye tanks.

(c) In the model, the Shillelagh had a much higher rate of
activity than was noted in the field (althouyh final levels of activity
are similar since the Shillelagh was killed much earlier in the model).
Since the Shillelagh position provides good coverage of atmost the entire
axis of attack, ample opportunity for more activity should have been
available in the field. The most plausible explanation for this disparity
lies in the note made by the CDLC observer in the field regarding this
weapon: "Poor gunner." It is assuned that a more proficient gunner would
have been more active.

(d) Personnel manning tie ATGMs in the field had obvious
problems in providing a base of fire from their overwatch positions. In
.2 model this action was accomplished with ease, resulting in consistent
tinely kills of the Shillelagh, which wouid have dominated the model
battle had it survived longer.

(5) Preliminary conclusions. With a single exception, coiparison
results support the model's capabiiity to represent the Trial 34 situation
in the field. The single discirepancy is the modei's apparent overstate-
ment of the ability of the attack ATGHs to establish effective fires
rapidly when moving into the overwatch posiltion. Tne otner discrepancies
between model and field results are wore logically expiained in terms of
the inept Shillelagh gunner in tne fieid and the tendancy of the players
to ignore the threat ICV as a tairget.

b. Modified Case.

(1) Basis of change. The possibility that, in engaging threat
ICVs, defender weapons were losing opportunities to engage threat tanks
was investicated. A set of DYNTACS runs was made in which the inpul data
placed no priority on the threat ICV as targets.

(2) Results. The basic outcome and weapon activity summaries
for this set of runs are contained in tables 3-4, 3-5, and 3-6.
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(3) Discussion. The result of the change was predictable. TOW
18, which could only engage on the extreme left of the attack formation,
engaged and killed the extreme left tank half the time, as it had done
in the base case. The DRAGON had not engaged ICVs in the base case,
and the change had no effect on its engagement of tanks. TOW 19 and
the Shillelagh, which had engaged ICVs in the base case, now engaged
tanks at an increased rate. The increased number of tank engagements by
an individual weapon was not significant, but the total effect--an in-
crease in the average number of tank engagements by the force from 5.8
to 7.5--may be significant.

3-3 TRIAL 96 COMPARISONS.
a. Base Case.

(1) Situation portrayed. Trial 96 involved an attacking force of
seven tanks, three ATGM, and three ICV organized into three balanced
platoons of two tanks, one ATGM, and one ICV each attacking on parallel
axes. The seventh tank, believed to be the company commander, accompanied
the middle platoon. The defensive mix contained two TOW, one Shillelagh,
and two DRAGONs. In ihe field experiment the battle developed along a
distinct pattern in time as depicted in figure 3-5.

73) The defensive force opened fire on the center platoon;
and, in the course of 2.5 minutes, one TOW and the Shillelagh killed the
three tanks and the ATGM with a total of four rounds. In this same span
of time, the three center tanks fired three rounds, one at the Shillelagh
and two unpaired. This activity is represented in figure 3-5 as Phase A
of the battle, which resulted in two defender weapons wiping out the
attacker's center platoon while all attackers were still beyond DRAGON
range.

(b) About halfway through the destruction of the center pla-
toon, the attacking platoon on the right opened fire. In a period of
slightiy over 5 minutes the two tanks fired a total of 15 rounds, all
unpaired, and the ATGM fired 5 rounds at the Shillelagh, finally scoring
a kill. This period of activity by the . .ght platoon is represented as
Phase B.

(c) Phase C, on the attacker's left, commenced about a minute
after the center platoon had been destroyed. In Phase C one of the left
tanks engaged and, after five rounds, killed one of the DRAGONS. This
tank was in turn killed by the surviving DRAGON at about 6 minutes after
the opening round. While this exchange was taking place, the threat ATGM
was fired upon twice by the Shillelagh, suffering a mobility kill, and
fired five rounds at the Shillelagh. Phase C ended when the ATGM on the
left ceased fire, its target (the Shillelagh) having been killed by the
ATGM on the right.
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(d) Phases B and C ended simultaneously, about 6.5 minutes
after the first round was fired, with the silencing of the Shillelagh.
At this point the attacker's center platoon had been destroyed, the left
platoon was reduced to one tank, and the right platoon was intact. Also
one DRAGON and the Shillelagh had been lost. An inactive period of about
2 minutes then occurred (actually, three unpaired firings by the remaining
tank on the left took place in this lull).

(e) Finally, in Phase D, the tanks in the right platoon es-
tabiished line of sight to and rapidly did away with the remaining DRAGON.
These tanks were in turn killed with two shots by the same TOW that had
initiated the battle. The second TOW never fired and was never fired
upon.

(f) The battle ended with one tank from the left platoon
and the ATGM from the right platoon surviving. The other ATGMs had
suffered mobility kills, and the ICVs had been ignored. The key to the
defender's ability to deal with the attacking force appears to have been
his early annihilation of the center platoon, which allowed the Red force
to be defeated in detail, and the survivability of the one active TOW,
which was never fired upon.

(2) Battle outcomes. The overall results of the ten DYNTACS
base case replications and the field trial are shown in table 3-7. The
following differences may be noted: both TOWs survived in the field, but
one TOW was killed in each DYNTACS replication and both TOWs were killed
in one replication; only one tank survived in the field, but two to four
tanks survived in the model replications; no ICVs were killed in the field,
but one or two ICVs were killed in each model replication. The first
two differences are related in that survival of the active TOW in the
field made the last twec tank kills (Phase D of fiqure 3-5) possible. The
tendency of players in the field to ignore ICVs as potential targets was

mentioned in discussion of Trial 34, and the tendency appears again in ——————""

Trial 96.

(3) Weapon activity. Summaries of rounds fired, targets engaged,
and kills by the defender and attacker weapons are contained in tables
3-8 and 3-9. These results are reviewed below.

(a) TOW 18. This weapon was inactive in the field. In the
model, this weapon had a low activity level, firing an average of one
round per replication. Intervisibility apparently limited this weapon's
activity. The weapon could find targets only in an area at about 2,200
to 2,400 meters from the TOW position or at the area of trial termination,
in both cases at the extreme left of the attack formation. Both of these
areas are shown in figure 3-6, which represents the impact points for
model firings. The long range engagements were each a single shot,
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occurring once in each of three model replications, indicating a brief
span of acquisition capability that could well have been missed by a
player in the field. Whether the occasional closing shots occurring in
the model were possible to the player in the field is unknown. It is
known that the field trial position for TOW 18 was generally masked from
the battle area, and this appears consistent with the model. It is
possible that by trial termination the field player had lost interest
and missed some closing shot opportunities.

(b) TOW 19. TOW 19 had two brief spans of activity in the
field. It opened the battle in Phase A (figure 3-5), killing two of
the center tanks with three rounds. After some 7 minutes of silence,
TOW 19 closed the battle in Phase D, killing the two right tanks with
two rounds. Model performance at the opening of the battle was similar,
with TOW 19 engaging the center tanks or ATGM and firing an average 2.8
rounds at 1.8 targets. Figure 3-7 shows a comparison of field and model
firings. This activity, however, constituted the total model battle for
TOW 19 since, in the model, this TOW was receiving heavy return fire within
a minute of firing its first round and was killed (in 9 of 10 replications)
within 2 minutes of firing its first round. Thus, the model TOW 19 never
survived long enough to fire the closing rounds noted in the field. With
the possible exception of two unpaired firings by center tanks in the
field, there is no evidence that TOW 19 was ever detected in the field.

(c) Shillelagh 21. In the field the Shillelagh opened fire
along with TOW 19 on the attacking center platoon and killed one tank and
the center ATGM (mobility kil1) with its first two rounds. It fired a
third round at one of the center tanks, which had already been killed,
and then shifted its attention to the attacker's left platoon, scoring a
mobility kill on that platoon's ATGM. Meanwhile tiie Shillelagh received
fire from the threat ATGMs in both the attacker's left and right platoons
and was finally killed after these ATGMs had each fired 5 rounds in a
span of 5 minutes. It will be noted from the shot patterns of figure 3-8
that in the model the Shillelagh either opencd fire with TOW 19 on the
center platoon or, in 4 of the 10 replications, fired a single round at
maximum range at the attacker's left platoon and then shifted fire to the
center platoon. (The opening shots at the left platoon represent a very
brief intervisibility "window," which probably was available in the field.)
The model Shillelagh's first shot to the center was generally at the ATGM
(7 of 10 replications) and within a minute of the TON's opening round, as
happened in the field. The Shillelagh continued to engage targets in the
center until they were destroyed and then, given it had survived, engaged
targets in the attacker's left platoon. Thus, the model sequence was
similar to that in the field. The level of activity was higher in the
model, with the differeuce attributable to the Shillelagh's consistent
tendency to fire upon the center ICV. (ICVs apparently were ignored in
the field.) Although the sequence and levels of action for the model are
considered comparable to those in the field (taking into account the ICV
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situation), timing is different. The major difference was inability of

the Shillelagh to find and engage the center tanks as rapidly as in the
field. Review of the model runs indicates that the model weapon had only
intermittent intervisibility to the tanks at the time the field weapon

was engaging tanks. This result may be due to the fact that, in the model,
these tanks took up firing positions to engage TOW 19 and to achieve
partial cover. At any rate the model Shillelagh took on the tanks too

late to help the TOW.

(d) DRAGONs. In the field, DRAGON 24 was killed without
firing a shot. The activity of DRAGON 23 was sporadic. It opened fire
at the center platoon, firing one round at an ICV (the only shot at an
ICV in the field) and one round at a previously killed tank. Three minutes
later it had killed DRAGON 24. After another 3 minutes, when the attack-
er's right platoon apparently established intervisibility, DRAGON 23
fired one round (at 426 meters) and was killed by return fire. Considering
this activity, DRAGON 23 apparently had opportunity to engage the center
platoon at aimost 1,000 meters on in, could have fired across the axis
to the attacker's left platoon at a range of 800 to 700 meters, and could
have engaged the right platoon as LOS became established at about 400+
meters. In the model, both DRAGONs were active to about the same level,
and their combined level of activity is comparable to that of the single
active DRAGON in the field. Figures 3-9 and 3-10 show impact points for
firings by model DRAGONs 23 and 24. The model DRAGONs engaged the attacker
center and left platoons. Engagements generally were at a shorter range
(by 100 to 200 meters) than those of the field although an occasional shot
was fired at the ranges noted in the field. This result indicates that
intervisibility in the model was highly intermittent, allowing a few chance
detections and shots at the engagement ranges seen in the field, but that
intervisibility opened up about 200 meters further along the attack axis.

(e) Threat ATGM. The center ATGM in the field suffered an
early mobility kill and was inactive thereafter. The left and right ATGMs
each fired five rounds at the Shillelagh. Once the Shillelagh was killed
the left ATGM, which had sustained a mobility kill, probably could find
no more targets and was inactive. The right ATGM was also inactive for
the final 6 minutes of the trial, after killing the Shillelagh. In the
model the overall level of ATGM activity was similar, with an average of
two engagements by the ATGMs per trial. The average number of ATGM firings
per model trial was only 4.7, considerably lower than the 10 rounds fired
in the field; however, the sequence noted in the field of 10 rounds to
kill a single target would rarely occur. In the model the left and center
ATGMs generally were active while the right ATGM engaged (and killed) the
Shillelagh in only one replication. When it survived long enough to
engage and fire (6 of 10 replications), the center ATGM engaged TOW 19
or the Shillelagh. This weapon engaged and killed the TOW on four repli-
cations. It also engaged the Shillelagh in three replications but never
scored a kill. The ATGM in the left platoon was the most active, engaging
the Shillelagh in half of the replications and engaging one or both of
tne DRAGONs in half of the replications.
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(f) Threat tanks. With the exception of one early shot at
the Shillelagh, paired tank firings in the field were limited to seven
rounds fired by two tanks, each of which killed a DRAGON. Additionally,
there were 21 unpaired firings by five of the tanks. The large number
of unpaired firings clouds any comparisons. (This level of unpaired
firings was by no means exceptional in Experiment 11.8.) Every tank in
the threat force, except the one killed with the initial round of the
battle, fired at least once in the field but their targets cannot, in
general, be determined. In the model one or more of the center platoon's
tanks generally returned fire in response to the opening rounds fired by
TOW 19. One or more tanks also engaged the Shillelagh on 8 of 10 replica-
tions. These tanks were usually from the left or center platoons although,
in one instance, a tank on the attacker's right engaged the Shillelagh.

In each of the replications, one or both of the DRAGONs was also engaged
by tanks. Typically the DRAGONs were enj.-~{ by two weapons, one a tank
or the ATGM from the attacker's left plal - and the other a tank from
any of the three platoons. At any rate, . wodel results contain a
mean of 4.7 engagements by tanks, and three engagements by tanks were
noted in the field. The difference appears due *¢ the model engagements
of TOW .9, which was never engaged in the field.

(8) Discussion. The major difference between the model and
field results for Trial 96 is the consistent ability of the attacker's
center platoon to return opening fires quickly and to kill TOW 19. Thus,
the model TOW was not available for the final shots observed in the field,
and the pair of tanks killed with these final shots survived in the model.
Secondary differences are the model firings at ICVs, which were ignored in
the field; the relative ineffectiveness of the model Shillelagh in the
opening portion of the battle; and the 1imited activity of TOW 18 in the
model where TOW 18 was inactive in the field.

(a) The loss of TOW 19 in the model is probably due to the
model detection algorithm. This algorithm credits detection of a firing
weapon to all opposing weapons that have intervisibility with the firer.
The detailed model output shows that upon firing one or two rounds, the
TOW was detected by every vehicle in the attacker's center platoon and
that all detections were made through this "firing cue" process. Given
this detection and the absence of other detected defender weapons, the
TOW was immediately engaged by one or more of the attackers. However,
the TOW was never engaged in the field, and there is no clear evidence
that it was ever detected. Given the alternative that the TOW may have
been detected in the field, it is possible that the attacker. could not
react as rapidly and as well as in the model. This condition could ex-
plain the two unpaired firings by center platoon tanks in the field as
poor shots in the general direction of the TOW.

(b) Firings at ICVs, particularly by the Shillelagh in the
opening phase of the battle, may have degraded the defender weapon's
ability to detect and engage more lucrative targets. This situation
would be a problem of poor model input rather than a problem with the
model itself.
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(c) In addition to its tendency to detect and engage the ICV,
the Shillelagh tended to lose intervisibility with the center platoon
tanks at about the time they began to engage the TOW. This result accounts
for its inability to take the pressure off the TOW in the opening phase
of the battle. This critical blank space, in which the tanks tended to
halt while engaging the TOW, might have been available in the field had
the tanks engaged the TOW or, equally plausible, could be a problem with
the model's intervisibility representation.

(d) The limited activity of TOW 18 in tne model, as contrasted
to total inactivity in the field, may be explained by excessive model
intervisibility or by a deterioration of player interest in the field.

(5) Preliminary conclusions. There is a strong indication that
the model exaggerates the ability of attacking weapons to detect targets
based on firing cues and the ability of attacking weapons to bring effec-
tive return fire on a target rapidly. There is also an indication of
potential intervisibility problems with the Shillelagh and TOW 18. The
intervisibility problems are not clear, however; and the observed con-
ditions could well have existed in the field. The model engagements of
ICVs, which were ignored in the field, are also notable. Otherwise, there
is no clear evidence of inconsistencies between field and model results.

c. Modified Case.

(1) Basis of change. The apparent high model rate of detections
based on firing cues led to modification of the DYNTACS detection logic
to allow an input probability of detection based on firing cues. With
this change, when a weapon fires, each opposing weapon that has intervisi-
bility to the firer may detect the firer. Whether an individual weapon
does detect the firer, however, is based on comparing a random draw from
a uniform distribution to an input probability of detection value. The
original DYNTACS algorithm could be viewed as logically equivalent to
this approach with the probability of detection fixed at unity. For the
Trial 96 runs made under this modification, the probability of detection
based on firing cues was set at 0.20.

(2) Battle outcomes. Results of the modified DYNTACS replica-
tions and the field trial are shown in table 3-10. The differences with
the field noted in the base case remain to some degree. One TOW was
generally lost in the model while both survived in the field. ICVs
generally were lost in the model while they were ignored in the field.
More threat tanks survived in the model, although the loss of six or all
seven tanks now appears as a distinct possibility, showing up on three
of the repliications. Generally, the modification made the attacking
force more vulnerable and moved the overall set of model results more in
line with the field.
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(3) Weapon activity. Weapon activity summaries are presented in
tables 3-11 and 3-12. The model modification was made to limit the detec-
tion process by which attackers in the model detected TOW 19. Thus, some
increase in the survivability of TOW 19 and a resulting increase in
activity for this weapon should be expected. The increased survivability
should also extend to the other weapons, and some increase in their
activity was also expected.

(a) TOW 18. As was noted for the base case, the model TOW
18 fired at the attacker's left platoon in an intervisibility window at
2,200 to 2,400 meters or as attackers reached the objective. The model
modifications should have had no effect on this weapon since it was
rarely detected even in the base case. Thus, the increase in this
weapon's activity must be ascribed to randomness in its detection process.

(b) TOW 19. The modification reduced the volume of return
fire received by TOW 19. This reduction was sufficient, in 4 of the 10
replications, to extend TOW 19's survivability to a period of over 5
minutes from the opening round. When TOW 19 did survive, it tended to
engage or be engaged by the attacker's right platoon when that platoon
was in the same position where it was fired upon by TOW 19 in the field
experiment. It also fired at or was fired upon by the attacker's left
platoon, with about equal 1ikelihood.

(c) Shillelagh. The Shillelagh's activity level actually
dropped with the modification. The data indicate that, while the average
number of engagements by TOW 19 increased from 1.8 to 2.8, average number
of engagements by the Shillelagh dropped from 4.6 to 3.6. This result
could have occurred because the TOW took away targets from the Shillelagh.
The detailed data, however, do not support this implication. The
Shillelagh was no less active on replications when the TOW survived longer
and, in fact, was relatively more active than when the TOW suffered an
early kil1. The reduction in Shillelagh activity may be a reflection of
the randomness involved in the model.

(d) DRAGONs. Combined activity of the pair of DRAGONs in-
creases from a mean of 3.8 engagements in the base case to 5.5 engagements
with the model modification. This result is almost totally explained by
DRAGON engagements of the attacker's right platoon, which were relatively
infrequent in the base case. This result, in turn, is due to increased
survivability of the DRAGONs, which in the base case generally were
kiiled before intervisibility with the right platoon was established.

(e) Threat ATGM. The modification had no marked effect on
the overall activity level of the threat ATGM, viewed as a group. De-
tailed comparisons show no distinctive patterns, with the activity of a
given ATGM depending on how long it survives once intervisibility is
established with the defenders.
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(f) Threat tanks. The threat tank activity Tevel with the
model modification decreased to a mean of 3.1 engagements per trial from
the 4.7 engagements per trial in the base case replications. The decrease
is spread over all defender weapon types.

(4) Preliminary conclusions. By decreasing detections, the modi-
fication had its desired effect of decreasing the level of rapid return
fire by threat vehicles and thus extending survival of the defender
weapons. This effect in turn enhanced the defender's ability to engage
and moved the general model outcome into agreement with the field results.
The possibility remains that the model gives individual attackers an
exaggerated ability to react rapidly upon detection of a defender.

3-4. SUMMARY.

a. The following observations can be made on the basis of the detailed
comparisons of DYNTACS results with the field experiment data for Trials
34 and 96.

(1) The overall battle outcomes noted in the field are consistent
with model results in that the field outcome could be considered a sample
of the set of results spannad by the DYNTACS replications.

(2) The DYNTACS algorithm that gives immediate "firing cue" de-
tections to all intervisible observers exaggerates the detectability of
firing weapons.

(3) The ability of attacking weapons to place effective return
fire rapidly on defenders is exaggerated in DYNTACS. The exaggeration
is beyond that which might be associated with the over-detection of firing
cues noted above.

hi (4) There 1is no solid evidence that potentially poor intervisi-

: bility representation within the model caused serious discrepancies with
field results. Questionable intervisibility regions, however, were
identified.

(5) The unpaired firings that occurred in the field do not have
any parallel in the model. General levels of activity noted in the model
are in agreement with activity levels noted for paired firings in the
field. There are, however, instances where individual unpaired firings in
the field appear to be reflected by model firings. These are logically con-
tradictory interpretations of the unpaired firings, and a satisfactorily
objective general treatment of unpaired firings has not been found.

b. A critical limitation of these detailed comparisons, which

seriously restricts their utility, is the lack of a field estimate of the
variability of outcomes. Although the individual field trial results may
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be considered consistent within the spread of model results produced
by 10 replications, there is no check on this spread itself. This
limitation leaves unresolved a question that may be the most important
part of the issue of model validity; i.e., how well the model reflects
the variability of results to be expected from the field.
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CHAPTER 4
ADDITIONAL DYNTACS OBSERVATIONS

4.1. INTRODUCTION. The detailed comparisons of DYNTACS results to the
outcome of two Experiment 11.8 trails, reported in chapter 3, are limited
to a small sample of the Experiment 11.8 data and to a constrained opera-
tion of the model. Additional information, potentially of a greater
value in detemining the reasorableness of the model, became evident in
the course of reviewing the tield experiment trials and in reviewing and
setting up the model, The purpose of this chapter is to summarize this
information and discuss its probable implications on model validity.

4.2, FIELD EXPERIMENT TENDENCIES. Certain characteristic patterns recur
in the field experiment data reviewed for the TETAM Model Verification
Study. The causes of these tendencies are in most cases a matter of con-
jecture, but their existence highlights some areas in which the model

may be lacking. These field tendencies are presented in appendix D.
Selected tendencies that have obvious implications for the model verifi-
cation problem are discussed below.

a. Unpairing Firings. An unpaired firing was recorded in the field
experiment when a weapon was fired but the laser illuminator linked to
that weapon failed to elicit a response by any of the sensors mounted on
target’ vehicles. Several potential explanations are available, but the
actual causes of unpaired firings in the field are not clear. Some

number of unpaired firings may be due to mechanical problems (e.g., laser
mal function, poor laser alignment, sensor malfunction, other instrumenta-
tion problemsg. Many unpaired firings, however, may be attributed to real-
world phenomena such as reconnaissance by fire, firing at false targets,
or poorly aimed shots. Whatever the cause, well over half the firings

by attackers in the field were unpaired firings. In the model every shot
is fired at a real, detected target. Thus, to the extent that the un-
paired firings of the field represent a real-world phenomenon, they are
not portrayed by the model and the model is not capable of producing
potentially half the firing activity of attacking weapons. This situation
was illustrated in the detailed comparisons for Trail 96 (chapter 3) where
the model activity for attacking weapons was at the same general level as
the paired firings from the field, but the model attackers were about half
as active as the field weapons when unpaired firings were considered.
Unpaired firings were less prevalent for the defender weapons, representing
about 7 percent of the total defender firings in the 25 trials reviewed and
rarely exceeding 10 percent of the defender firings for any one trail.
Thus, the lack of model consideration of such fires appears more critical
for the attacker.

b. Command and Control Problems. In the field trails, the ability
of the pTayer Teaders (platoon and company commanders) to control player
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actions broke down regularly. Indications of this are found in the fact
that attacker formations broke down and maneuver frequently deteriorated
into individual movements once fire was received. Additionally, target
handoffs from platoon leaders generally were ignored by the defenders.

(1) Fire control, Compared to most other combat simulations,
DYNTACS representation of fire control is relatively sophisticated. ‘
However, it does not portray target handoff explicitly. On the basis of .
Experiment 11.8 results, in which target handoff had no apparent effect
on the battles, this does not appear to be a serious model shortcoming.
Whether the lack of impact of target handoffs on battle results would
be expected in real world battle situations is an open issue. Beyond .
inability to portray handoffs, the DYNTACS fire controller lacks the flexi-
bility to portray techniques noted in the field experiment results. For
example, it appears that defenders in the field frequently (apparently on
the platoon leader's command) withheld their initial fires until a point
at which several defender weapons could engage the attacking force simul-
taneously. This technique cannot be portrayed in DYNTACS, nor can DYNTACS
portray the individual behavior frequently noted in the field data whereby
weapon crews would "pick their shots,” passing up opportunities to engage
a target in apparent anticipation of a better shot at the same target as
it entered a larger killing zone. Neither is there any mechanism in DYNTACS
for treating ammunition as being more valuable as it becomes scarcer. The
extent to which this field experiment behavior would occur in real combat
is not known,

(2) Movement control. The DYNTACS movement controller does not
depict the tendency of attack formations to break down and the tendency
of individual attack weapons to initiate independent movement as was noted
in the field. The field experiment behavior may not have been typical,
and individuals accustomed to operating as a unit under the imposed tactics
may have had better success in maintaining unit integrity. However, the
rigidity with which DYNTACS maintains unit formations is extreme. The
tendency for movements to be individually oriented rather than unit
oriented is probably exaggerated in the field experiment, but it is rea-
sonable to assume that the individual in the real world would make some
adjustment to his position in a unit formation in light of his individual
situation. Within DYNTACS, a simulated maneuver unit leader selects his
route in consideration of his individual situation, and the movement of
other elements is based on the desired formation and the route of the
leader, subject to the constraints of impassable terrain. (Actually the .
model purports to consider the unit formation but, in fact, it does not
do so in a meaningful sense.) Thus, the leader may select a covered route
for himself while the other elements, because of the rigidity with which
formations are adhered to, are forced into highly vulnerable routes of
advance. The flaws in this logic are that the simulated leader does not
give sufficient consideration to the situation of his entire unit and the
remaining elements are allowed no discriminatory action based on their
individual situations.
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c. Individual Perception Errors. The target selection and engage-
ment process in the field is subject to individual error. The most
obvious player error that appears in the Experiment 11.3 field data is
range estimation error, which is reflected by 41 out-of-range firings
in the 25 trials reviewed. False targets, which probably led to many
" of the unpaired firings discussed previously, are another perception
probiem. Numerous firings at previously killed targets were also
recorded in the field, although many of these may have been due to
delays in a target's signaling that it had been killed and may be
traced to the experimental procedure. At any rate, there is ample
evidence that the players in the field were subject to errors of a per-
ceptive nature. In DYNTACS, target-related perception is nearly perfect.
Previously killed targets cannot be fired at (and are not even detected).
There is no concept of a false target in the model. Knowledge of a
detected target includes precise knowledge of the target range, perfect
target identification, and knowledge of whether the potential target
has fired recently, whether it has fired at the individual firer, and
whether any other firers are engaging that target.

d. Summary. In summary, individual elements appear to "follow the
rules" too weli in DYNTACS. The geometric patterns of a maneuver forma-
tion are slavishly adhered to {to the detriment of individual weapon
performance), False targets are never engaged because they never exist.
Given the detection of a potential target, all information pertinent to
engagement is known perfectly and acted upon consistently, The field
experiment, on the other hand, indicates that individuals in the field
have serious problems in all these areas.

4-3. MODEL OBSERVATIONS. Familiarity with the basic ground game por-
tions of DYNTACS resulted from the process of establishing data for
DYNTACS runs and reviewing output. Ouring this process, several ques-
tionable areas in the basic model logic and assumptions were identified.
The issues discussed below are not necessarily related to comparison of
the model to the TETAM field experiment, but they are nevertheless serious
issues relating to the reasonableness of the model.

a. Etvent %g%yencing Logic. DYNTACS is an event-sequenced model,
and the Togical foundation of the simulation rests upon the definition
and timing of discrete events for the individual elements portrayed.

(1) An event is defined as a commitment to action during which
a combat element will not alter its activities regardless of the activi-
ties of other elements. In the basic DYNTACS ground game only four types
of events are possible: an element moves, an element fires one round
from a stationary position, an element fires one round while moving, or
an element neither moves nor fires. An event starts at the time the
element's previous event ended. Events other than firing events end
after some standard movement time, which is a single input value. A
30-second movement time has been used in most previous applications of
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the model and was used in the TETAM model verification work. A firing
event ends at the time the round should impact at the target. With the
use of a standard movement time increment the model could be considered
hybrid; that is, event sequenced for firing events but otherwise time
sequenced, The definition of an event as a commitment to action that
will not alter is weakened with the introduction of the movement time
cycling. . i

(2) Event sequencing in DYNTACS is accomplished by use of a set
of element clocks set for the time that each element will complete its
current event., Dattle time, or the sequence of events, is stepped
through by finding the element with the lowest clock time, processing
that element's next event (which now becomes its current event), and
setting the element's clock to the time at the end of the current event.
The process is illustrated in figure 4-1 for two attack and two defense
elements, Assume that the current event for Defender 1 has just been
processed and this element's clock set to T., time the current event is
scheduled to be completed. The clocks of each element will then be at
the respective T, times indicated, and element Attacker 2 will have the
lowest clock and will be selected for the next update. In the time slice
illustrated, the model has stepped through two events for each element
as indicated on the overall battle time line. The processes represented
for each event are, in the following sequence:

(a) The comunication model trar .its messages on the nets
the current element is monitoring., This transmission may provide the
element with general area intelligence of targets detected by other
friendly elements.

(b) The intelligence status of the current element is updated.
An element gains intelligence by the visual detection of enemy elements.
Detections during the previous event are accounted for at the beginning
of each event. An element may lose intelligence if intervisibility to
previously detected targets is lost. Intervisibility is determined at
the end of each event in which an element moves. For example, the intel-
ligence for element Defender 1 of figure 4-1 was updated at that element's
time Tp. This update included targets Defender 1 detected in the time
span T, to Tp (the previous event). The intervisibility status, however,
with respect to target Attacker 1 and Attacker 2 used for this update was
the status that existed at each element's T. times (assuming they moved
and Defender 1 was stationary).

(c) If the current element is a maneuver unit leader, it
evaluates the current situation and may select a new route and formation
for the maneuver unit. >

(d) The current element reviews detected enemy elements and
selects a target if appropriate.

4-4



SIVLINAG Ul pasn 34Nnpad0ud DULOUINDIS JUIAI 4O o|dwex] |-y 94nbiy

i pa3a | dwod
aq 03 paLnpayds 5
JUSAD JUDJAND Bl = 1
paj4els
JUSA3 JUS44ND /pPAPus o
JUIAD SNOLABAG 3uwl3 = 1
0934035 .
jJudAa snotasud 3wty = 1 WEEE i L | _ 4
v c. } 4332033y
| ? 3 0
| xau ] h 9P, "
— Lll' — — — - _.
A ) y FENRLEEY
d
ﬁ % 1 L °) -
]
<
| = 2 e === e 2
r P { _ * uapuasag
| 2 d 19 0
1 SR PL 7L
| s sl L e=ss o — — —e L
Ul ! J2pud43Q
d
| ’1 1 %)
pajepan
& S N 36 & S UPC
333EC v L6 Cu LV vl ¢C LV v ’

“
m




(e) Completion of the event depends on the outcome of the
target selection process and on the current element's capability to fire
while moving., Five cases exist:

1. If no target was selected and the element was not
to move, the process is complete. The element's clock is advanced the
standard movement time increment.

2. If no target was selected and the element is to move,
a movement event for the standard increment takes place. Intervisibility
status of this element with respect to all opposing elements is updated
to reflect conditions at the end of the move.

3. If a2 target is selected and the element is in a sta-
tionary firing position, the target is fired upon and any terminal effects
are accounted for, The element's clock is advan-ed to impact time of
the firing.

4. If a target is selected, the element can move while
firing, and it is not in a stationary position, the target is fired upon
and any terminal effects are accounted for. Impact time is computed, and
the element moves a distance based on this time. The element's clock is
advanced to impact time, and intervisibility conditions are updated.

5. If a target is selected, the element was to move, but
cannot move while firing, the element moves to a stationary firing posi-
tion. Updates are as for a simple movement, The element will most likely
fire at the target on its next event.

(3) The event sequencing logic described above leads to several
logical inconsistencies and discontinuites in time. Some of the more
obvious inconsistencies are discussed below.

(a) Intervisibility status is out of sequence with detections.
Consider the case in figure 4-1 of element Defender 2 detecting element
Attacker 1. At time Tp on the Defender 2 time line, this element detects
for the period Tqo to Tp, the prior event time on its time line. This
detection priod, however, is based on the current intervisibility status
of each target. Suppose that Attacker 1 fired at time Tf shown on its
time line and then, in its current event, moved. The Attacker 1 inter-
visibility status available to the model is that status that will be '
attaired, after the move, at time T¢c on the Attacker 1 time line. Given
intervisibility at that time, Defender 2 will detect the firing cue,
regardless of the intervisibility that existed at the firing position.

(b) Reaction to detections is delayed by some unpredictable
amount of time. For the case of Defender 2 detecting Attacker 1, on the
Defender 2 time line, at time Tp, the detection of Attacker 1 was deter-
mined to have taken place at time Tger. However, the Defender 2 reaction
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to this detection commences at tie Tp. At this time the decision to

fire is made, load and lay delay times are added to Tp to develop firing
time Tf, and the round (missi]e{ f1ight time is further added to deter-
mine impact time T., The net result is that an arbitrary delay, the
period from Tget to T, was also assessed. Some delay time between detec-
tion and the decision to fire will be appropriate. The problem is not
necessarily that a delay exists but rather that it is interjected in a
spurious manner by the model logic rather than by any designed or control-
led means.

(c) Terminal effects of firings are prematurely determined.
In the case of Defender 2 attacking Attacker 1, terminal effects are
determined, and the results recorded, at time Tp on the Defender 2 time
line, although impact should not occur until time Tc. Consider now
Attacker 2, which will become current at time Tc on its time line. Sup-
pose, at this time, Attacker 2 fires at and kills (at time Tpext) Defender
2. Then Defender 2 should be dead before its round impacts, but the effect
of its round has already been determined and recorded. This result could
easily occur if Defender 2 is firing an antitank missile with relatively
low firing rates and slow flight times and Attacker 2 is firing tank
rounds with relatively high firing rates and fast flight times. Further,
i€ it is critical that the Defender 2 missile be guided to impact, a dead
crew has been allowed to guide the round through the final portion of its
flight. This situation took place in the TETAM trials; and in a review
of the 20 DYNTACS replications for Trial 96 (discussed in chapter 3), 25
instances were found where a dead crew fired an antitank missile and guided
it to impact,

b. Communications in DYNTACS. The DYNTACS communication model pro-
vides a means for individual elements to exchange general area target
information. Beyond this provision, communications capabilities or limi-
tations have no impact upon the basic ground model. Although fire control
and movement control are represented within individual model modules, the
implicit assumption is made that control means function perfectly. This
assumption partially explains the inability of the model to portray the
breakdown in maneuver control in the TETAM field experiment. This break-
down was attributed to restriction to a single communication net for the
attackers, which restriction could have no effect on control within the
model.

c. Intelligence in DYNTACS. The play of intelligence in DYNTACS
centers upon the visual detection of enemy elements, which is one of the
most difficult problems involved in model development.

(1) Approach in the model. At any instant, an individual element
has one of four possible levels of knowledge with respect to each enemy
element: no knowledge, general area knowledge, full knowledge, or pinpoint
knowledge. At the beginning of each event the current element's level of
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knowicdge for each enemy, or intelligence status, is updated. Full or

pinpoint knowledge is required to engage a target. General area know-

ledge is sufficient for any maneuver control decisions based on the

threat. Any level of knowledge wplies that the existence of the enemy

element is known, that it is identified, and thai whether it has been

killed is known., Pinpoint knowledge was defined at the time of original .
model development as the situation where the element lays its weapon on

a firing signature but has no clear view of the target (due to conceal-

ment). This definition appears to have been lost during evolutionary

model changes. (See appendix B, Model Bibliography.) A pinpoint now is

a transitory detection that will be lost if the target is not selected ’
for engagement on the detecting element's current event. An element can

have pinpoint knowledge of only one target at a given time,

(a) Loss of intelligence. Once an element gains knowledge
of an individual enemy element, it can never possess less than general
area knowledge of that enemy. Full or pinpoint knowledge is reduced to
general area knowledge with loss of intervisibility. If the element is
neutralized for the entire previous event or if it fired and was neutral-
ized at the end of the previous event, all full or pinpoint knowledge is
reduced to general area knowledge with the exception that knowledge of
the target selected (if any) during the previous event becomes pinpoint
knowledge. As mentioned above, pinpoint knowledge becomes general area
knowledge if the enemy element is not selected as a target.

(b) Acquiring intelligence. An element's intelligence
increases to general area knowledge when it receives an intelligence
message about enemy elements for which it previously had no knowledge.
then an element actually detects the enemy, knowledge becomes full or
pinpoint. Detections may be accomplished by any of five procedures in
the model.

1. Full knowledge is gained whenever a firing target is
in view (not fully covered or concealed).

2. Pinpoint knowledge of a firing target may be gained
(on the busis of a random draw) if the conditions outlined above are met
but the target is fully concealed.

3. Full knowledge due to visual search may be gained (on
the basis of a random draw) for each intervisibile and unconcealed target;
however, this visual search is not conducted by a weapon during an event
in which it fired.

4. Full knowledge is gained of each uncovered and uncon-
cealed target in the search area through an "intensive area search" pro-
cedure. The search area is a rectangular region around 2 known target,
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the dimensions of which are required input data. The intensive search
procedure is carried out each time an element detects a target by one
of the three procedures outlined above. It is also conducted, in the
area of the target, every time an element fires.

5. Full knowledge of a previously pinpointed target is
gained if the target becomes unconcealed. This event also keys an
intensive area search. An intensive area search is al:~ criducted about
a pinpointed element if it was selected as a target but not fired upon.

(2) Critique. The intelligence model is poorly incegrated into
the event sequencing logic, as has been previously discussed., Considered
as a separate entity, several other problems are obvious.

(a) T7Tne original visual search equations for detection rate
were based on curve fitting of a body of empirical data. These data were
limited in several critical areas. For example, maximum range was 1.57
kilometers, observers were stationary, responses were collected under
what amounts to laboratory conditions, and a highly subjective terrain
complexity factor was introduced to the resulting equation. A recent
model addition provided a new equation for long ranges.

(b) Even with their limitations, the equations for detection
rate may be the strongest part of the detection model. These equations
are based on empirical data. but the remainder of the model appears to
be a collection of questionable assumptions.

(c) Visual search is conducted such that the probability of
looking in any direction can be described by a cardioid distributior,
emphasizing search along a given axis of observation but allowing a
balanced look about the full 360° circle. This assumption may hold true
for a rapidly moving element in open terrain in a meeting engagement
environment, It is questionable for an element involved in a coordinated
attack of a fortified position and for an element defending from a forti-
fied position. It is patently wrong for the defenders in the TETAM
experiment, who had their backs to a significant terrain feature and
frequently were masked to the sides so that the area in which it was
physically possible for them to see anything subtended a fan of well
under 90°,

(d) The TETAM field experiment indicates that the assumption
that a firing weapon is imediately detected is false.

(e) With the exception of the visual search detection pro-
cedures, there is no discrimination between moving and statiunary
observers or targets. This condition allows such phenomena as the "pin-
pointing" of a moving target. Even where motion is considered, the
adjustment for observer motion is arbitrary.
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(f) The implicit assumptions of perfect identification and
knowiedge of whether a target has been killed, even if only general area
krowledge is available, provide the fire control and movement control
Togic with more information than would necessarily be available in the
real world. Additionally, full knowledge of the position, status, and
activity of all friendly weapons seems to be assumed in the fire control
and movement control logic. -

(g) The general area knowledge does not deteriorate, regard-
less of how long it has been held or how far the target has moved since
full knowledge was available.

(h) Definition of a "pinpoint" within the model has become
obscure. Pinpoint knowledge can be obtained in the absence of any firing
cues as a target transitions from the full to the pinpoint level by moving
into an area of concealment.

(i) The visual search algorithm is bynassed for targets about
which the observer has no knowledge, once a target has been detected in
the current event. This device is used to account for the time spent in
the intensive area search associated with each new detection. However,
the detections based on firing cues or visual search for targets about
which the observer has general area knowledge are not affected. Thus,
as a battle progresses and the level of firing or general area knowledge
builds up, the intensive area searches apparently cost an individual
observer less and ultimately become free bonuses, with no accounting made
for the time they might consume.

d. Movement in DYNTACS. Movement is portrayed within two modules of
DYNTACS.” The movement controller portrays maneuver control, including
selection of unit routes, formations and speeds, and reaction to phase
lines. The movement model portrays the actual movement of individual

elements.

(1) Maneuver unit organization. Movement in DYNTACS is based on
a maneuver unit concept. Within the model, a maneuver unit is a group of
elements that moves as a coherent entity under the control of, and accord-
ing to decisions made by, an individual maneuver unit lead element. The
model user has flexibility in defining maneuver units and the associated
task organizations in that an individual section, a platoon, or a team
composed of several platoons can be designated by the model user as making
up a maneuver unit. As discussed later, the maneuver control function
represented in the model becomes increasingly more stereotyped and less
reasonable as maneuver units are designated at higher levels of organiza-
tion.

(2) The movement controller. The movement controller module of
DYNTACS represents the decision-making process of each maneuver unit
leader. Discussion in this review is limited to an attacking maneuver
unit,
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(a) General approach. Each time a maneuver unit lead ele-
ment is the current element, an opportunity is given for several decisions.
Should the maneuver unit react to, or terminate reaction to, a phase line
by adjusting the unit's desired speed? Should the leader select a new
route, formation, and desired speed based on a perceived change in threat?
Should the leader reevaluate his current route, formation, and desired
speed? Should the leader slow down to allow lagging elements to catch up?
Each of these decisions is controlled by the model user through the input
of such items as phase lines, desired speed at phase lines, critical fac-
tors defining how much change in perceived threat should cause the leader
to reassess his situation, or how far an individual should be allowed to
lag his desired position in the formation. The module is a relatively

“sophisticated set of algorithms and is probably sufficiently flexible

that the user could effect a reasonable portrayal of the decision factors
considered.

(b) Critique. The major criticism of the movement controller
arises from a model assumption that the individual element has the infor-
mation required for his decisions; he knows the threat situation too well,
Once he has general area knowledge of an enemy element, he knows what the
element is and its status (and its exact position if that knowledge is
needed for a decision). He may underestimate the threat if only a limited
number of the threat element have been detected, but he cannot overestimate,
For example, if five friendlies detect the same enemy target, the leader
knows that only one target has been detected. The maneuver unit leader also
knows when he has reached a phase line and knows when any other maneuver
unit has reached a phase line. He knows if any individual element is
lagging and knows exactly how many friendlies in the entire force have
been lost.

(3) Individual movement.

(a) General approach. Maneuver unit lead elements follow the
route selected in the movement controller logic. Other elements guide
on the leader. The route they follow is defined in terms of the leader's
selected route and the geometric patterns of desired unit formations.
Deviation from the selected route can occur only to avoid impassable
terrain,

(b) Critique.

1. The strict geometric interpretation of tactical forma-
tions is unrealistic. Individual vehicles are not alicwed to take advan-
tage of local cover or concealment and can be forced into unreasonably
vulnerable paths.

2. The module contains a highly detailed mobility
algorithm. The Tevel of detail in this algorithm and the associated data
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input requirement are excessive. Ffor example, the algorithm requires
the coefficient of air resistance for a vehicle. The algorithm in
itseif may be sound, but it is out of balance with the rest of the model.

3. Local chokepoints; e.g., river fords, road embankments,
are not portrayed. The mobility algorithm discussed above could handle
these conditions easily, but there is no apparent way to incorporate them
into the terrain, nor could the movement controller react to them.

4, The minefield logic, as coded in the model, is obscure,
This logic is “"sFoehorned" into the movement logic and makes the logical
flow of the entire movement and movement control areas difficult to
decipher.

e. wequg_Firings in DYNTACS., Weapon firing is handled in three
logical areas of D C3 representing fire control, discharge of weapons,
and terminal effects of weapons. In the TETAM study, terminal effects
algorithms used in the conduct of Experiment 11.8 were incorporated into
the model, and the model algorithms have not been reviewed. Discharge of
weapons is represented through load, lay, and projectile flight times and
is straightforward (although event timing is auestionable, as already
discussed)., Therefore, the following review deals only with the depiction
of fire control.

(1) Approach. Representation of fire control in DYNTACS centers
upon the selection of targets by individual weapons. This selection is
accomplished, given a set of potential targets, by application of a set
of range adjustment factors and selection of the target with the smallest
adjusted range. The adjustment factors depend on target type, amount of
cover, whether the observer has just fired at the target, whether another
friendly element is firing at the target, whether the target has just
fired, whether the target has just fired at the observer, and whether
the target is in the observer's sector of responsibility. The fire con-
troller also controls opening fire through a maximum allowable range for
each ammunition and target combination. There is some attempt to portray
transfer of targets between elements and fire and movement tactics., How-
ever, this portrayal is limited to allowing an element to seek new targets
ur to move, once it has fired some number of rounds (input) at a specific
target, if another friendly element is engaging the original target.

(2) Critique.

(a) Setting target priorities by the use of range adjustment
factors is cumbersome. It is also doubtful that the typical model user
can provide a set of factors that will clearly indicate desired priorities.

(b) There is no opening engagement logic. FEach side follows
its pre-established rules regardless of which side fired the first round.
It is impossible, for example, to hold fires until 1,000 meters unless the
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other side fires but to open fires at 2,000 meters if the other side
fires. It is also impossible with two identical weapons in different
positions to have the near weapon hold fire until both can open. The
maximum range also could cause a weapon to withhold fire when it suffers
a mobility kill where the weapon would, in fact, return fire.

(c) The model assumes that the round in the tube is always
the optimal round for the target. It also assumes that only one sub-
system can be fired at a time,

(d) It is doubtful that the transfer of targets portrayed
in the model is any reasonable representation of what actually takes
place when elements are advancing with fire and movement.

(e) An implicit assumption is made, similar to that noted
in the movement controller, that the individual element knows everything
about each detected target as weli as which targets his compatriots are
engaging,

(f) No mechanism exists for portraying reconnaissance by
fire, firing at suspected target locations, or suppressive fire,

(g) There are no formation constraints on firing; for example,
tanks in a column could all fire to the front.

4-4. SUMMARY, Review of general tendencies in the TETAM experiment and
the DYNTACS logic identified numerous model shortcomings, the more critical
of which are summarized below:

a. Event sequencing in DYNTACS is poorly implemented both in the
definition of an event and in the time relationships within an 2vent and
among several events. When it is possible for a dead crew to guide a missile
successfully, the definition of an event as a "commitment to action that
will not be altered" has not been implemented. When a detection is said
to occur at one time, based on conditions at -a second time, and reaction
to the detection takes place at a third time, the time relationships in
the event sequencing have not been well established.

b. The total play of intelligence is questionable, not only in those
areas of the intelligence submodel where acquisition is portrayed explicitly
but also within those portions of the model, such as the movement and fire
controller, where implicit assumptions as to the amount of knowledge avail-
able are made. Further, with the exception of the algorithms used to cal-
culate visual detection rates, intelligence portrayal is apparently based
entirely on a complex set of interrelated assumpti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>